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(54) Encapsulated hydrophilic polymers and their preparation 



(57) A muttistaged polymer containing a hydrophilic 
core fully encapsulated with a hydrophobic shell without 
a tiecoat layer is disclosed. A method is also disclosed 
for encapsulating hydrophilic polymers including the 
steps of: 

(1) emulsion polymerizing a hydrophilic core poly- 
mer from 5% by weight to 100% by weight, based 
on the total weight of the core polymer, of a 
hydrophilic monoethylenically unsaturated mono- 
mer and from 0% by weight to 95% by weight, based 
on the total weight of the core polymer, of at least 
one nonionic monoethylenically unsaturated mono- 
mer; 

(2) emulsion polymerizing, in the presence of the 
core polymer, at least one shell polymer f 90% 



by weight to 99.9% by weight, based on the total 
weight of shell polymer, of at least one nonionic 
monoethylenically unsaturated monomer and from 
0. 1 % by weight to 1 0% by weight, based on the total 
weight of the shell polymer, of an acid-functional 
rTK>noethylenicalty unsaturated monomer. 

wherein the acid-functional rTX>noethylenicalIy 
unsaturated monomer is added to the polymeriza- 
tion of the shell polymer over 1 00% of the total shell 
monomer feed when the particle size of the core pol- 
ymer is from 1 30 nm to 2.0 microns and over the first 
50% of the total shell monomer feed when the par- 
ticle size of the core polymer is less than 1 30 nm. 

This method of encapsulating a hydrophilic polymer 
with a hydrophobic polymer eliminates the need for a tie- 
coat layer. 
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Description 

The invention relates to muttistaged potymer parti- 
cles and their preparation and. more particularly, to multi- 
staged polymer particles of a hydrophilic polymer stage 
encapsulated with at least one hydrophobic polymer 
stage. 

Muttistaged polymers containing a hydrophilic core 
polymer encapsulated by a hydrophobic shell polymer 
are known. It was, however, believed that a shell polymer 
of extremely non-polar or low-polar hydrophobic mono- 
mers ("hydrophobic shell*), such as styrene, a-methyl 
styrene, vinyl toluene, ethylene, vinyl chloride and vinyl i- 
dene ch toride, could not be f omied directly on a core con- 
taining a high level of hydrophilic morxxners ('hy- 
drophilic core*) without either: 

(1) copolymerizing the extremely non-polar or 
low-polar hydrophobic monomers with vinyl acetate, 
acrylonitrile or methacrylamide; or 

(2) first forming a tiecoat on the hydrophilic core. 

The tiecoat (referred to in some of the prior patents as 
"the first stage of sheath formation') was generally an 
acrylic polymer which compatibilized the hydrophilic core 
polymer with the one or more hydrophobic shell poly- 
mers, particularly for a hydrophilic core polymer having 
a particle size diameter of less than about 260 nanome- 
ters (nm). 

This invention is directed to a multistaged polymer 
containing a hydrophilic core polymer fully encapsulated 
with a hydrophobic shell polymer without the use of a 
tiecoat layer. The hydrophilic core polymer is formed 
from about 5% by weight to about 1 00% by weight, based 
on the total weight of the core polymer, of a hydrophilic 
monoethylenically unsaturated nrtonomer and from 0% 
by weight to about 95% by weight, based on the total 
weight of the core polymer, of at least one non ionic nrto- 
- rK>ethylenically unsaturated rronqmer The hydrophobic 
shell polymer formed from about 90% by weight to about 
99.9% by weight, based on the total weight of shell pol- 
ymer, of at least one nonionic monoethylenically unsatu- 
rated monomer and from about 0. 1 % by weight to about 
1 0% by weight, based on the total weight of the shell pol- 
ymer, of an acid-functional monoethylenically unsaturat- 
ed nrx)nomer. The shell polymer fully encapsulates the 
core polymer and does not require a tiecoat layer. 

This invention is also directed to a method for en- 
capsulating a hydrophilic core polymer with a hydropho- 
bic shell polymer including the steps of: 

(1) emulsion polymerizing a hydrophilic core poly- 
mer from about 5% by weight to about 100% by 
weight, based on the total weight of the core poly- 
mer, of a hydrophilic nrxxioethylenically unsaturated 
nrKjnomer and from 0% by weight to about 95% by 
weight, based on the total weight of the core poly- 



mer, of at least one nonionic monoethylenically 
unsaturated monaner, 

(2) emulsion polymerizing, in the presence of the 
5 core polymer, at least one shell polymer from about 
90% by weight to about 99.9% by weight, based on 
the total weight of shell polymer, of at least one non- 
ionic monoethylenically unsaturated nrK>rKyner and 
from about 0.1% by weight to about 10% by weight, 
10 based on the total weight of the shell polymer, of an 
acid-functional nrK)noethylenically unsaturated mon- 
omer, 

wherein the acid-functional nrK)noethylenically 
unsaturated nrtonomer is added to the polymeriza- 

15 tion of the shell polymer over 1 00% of the total shell 
monomer feed when the particle size of the core pol- - 
ymer is from atx)ut 1 30 nm to about 2.0 microns and 
over the first 50% of the total shell monomer feed 
when the particle size of the core polymer is less 

20 than at»out 130 nm. 

This method of encapsulating a hydrophilic polymer with 
a hydrophobic polymer eliminates the need for a tiecoat 
layer. 

25 The present invention involves a multistaged poly- 
mer containing a hydrophilic core polymer fully encap- 
sulated with a hydrophobic shell polymer and its method 
of preparation. 

The hydrophilic core polymer of the multistaged pol- 

30 ymer of this invention is the product of emulsion polym- 
erizing from about 5% by weight to about 100% by 
weight, based on the total weight of the core polymer, of 
a hydrophilic monoethylenically unsaturated riK^nomer 
and from 0% by weight to about 95% by weight, based 

35 on the total weight of the core polymer, of at least one 
nonionic nrxxioethylenically unsaturated rrronomer. 

Hydrophilic core polymers containing at least about 
5% by weight, based on the total weight of the core pol- 
ymer, of at least one hydrophilic monoethylenically un- 

40 saturated morxxner have practical swellabilrty for the 
puTrpc^s of the present invention. There may be instanc — 
es wherein, because of the hydrophobicity of certain 
comonomers or combinations thereof in conjunction with 
the hydrophobic/hydrophilic balance a particular acid 

45 nrwnomer, the copolymer may require less than 5% by 
weight, based on the total weight of the core polymer. 
Preferably, the level of hydrophilic rtKinomer is from 
about 5% to about 100% by weight, based on the total 
weight of the core polymer; more preferably, from about 

50 20% to about 60% by weight; and most preferably, from 
about 30% to about 50% by weight. The hydrophilic core 
polymer may be nnade in a single stage or step of the 
sequential polymerization or may be made by a plurality 
of steps in sequence. 

55 This invention contemplates a hydrophilic core pol- 
ymer wherein at least one hydrophilic monoethylenically 
unsaturated monomer is polymerized alone or with at 
least one nonionic monoethylenically unsaturated mon- 
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omer. This process also contemplates, and includes in 
the term 'hydrophilic monoethylenically unsaturated 
monomer,' the use 6f a nonpolymeric compound con- 
taining at least one cartx>xytic acid group which at>- 
sorbed into the core polymer before, during or after the 
polyrrwrization of the hydrophobic shell polymer as a re- 
placement for the hydrophilic rTK>noethylenicalty unsatu- 
rated monomer in the hydrophilic core polymer, as de- 
scribed in U.S. Patent 4,880,842. In addition, this inven- 
tion contemplates, and includes in the term "hydrophilic 
monoethylenically unsaturated monomer,' the use of a 
latent hydrophilic core polymer which contains no hy- 
drophilic monoethylenically unsaturated monomer but 
which is swellable upon hydrolysis to a hydrophilic core 
polymer as described in U.S. Patent 5,157,084. 

Suitable hydrophilic monoethylenically unsaturated 
monomer usef u I for making th e core polymer inc lude mo- 
noethylenically unsaturated monomers containing ac- 
id-functionality such as monomers containing at least 
one cartx>xylic acid group including acrylic acid and 
methacrylic acid, acryloxypropionic acid, (meth)acry- 
loxypropionic acid, itaconic acid, aconitic acid, maleic 
acid or anhydride, f umaric acid, crotonic acid, monome- 
thyl maleate, monomethyl fumarate, monomethyl itaco- 
nate and the like. Acrylic acki and methacrylic acid are 
preferred. 

Suitable nonpolymeric compounds containing at 
least one carboxylic acid group include Cg-C^g aliphatic 
or aromatic monocarboxylic acids and dicarboxylic ac- 
ids, such as benzok: acid, m-toluk: acid, p-chbrobenzok: 
acid, o-acetoxybenzok: acki, azelaic acid, seback; acid, 
octanok: acid, cycbhexanecarboxylk: acki, lauric acid 
and monobutyl phthalate and the like. 

Suitable nonbnk; monoethylenk^ally unsaturated 
monomers for making the hydrophilic core polymer in- 
clude styrene, a-methyl styrene, vinyltoluene, ethylene, 
vinyl acetate, vinyl chtoride, vinylidene chtoride, acryk>- 
nitrile. (meth)acrylamkie, (C^ -C20) a'^y' o"" (C3-C20) alke- 
nyl esters of (meth)acrylk: acki, such as methyl (meth) 
- ^ ^ _ - acrylate, - ethyl _(meth)acrylate, butyl (met^^^^ 

2-ethylhexyl (meth)acrylate, benzyl (meth)acrylate, lau- 
ryl (meth)acrylate, oleyl (meth)acryla1e, palmityl (meth) 
acrylate, stearyl (meth)acrylate and the like. 

The hydrophilic core polymer, whether obtained by 
a single stage process or a process involving several 
stages, has an average size of about 50 nm to about 2.0 
mk:ron, preferably 1 00 nm to 1 .0 mbron, rriore preferably 
200 nm to 500 nm diameter in unswollen condrtion. If the 
core is obtained from a seed polymer, the seed polymer 
may have an average partk;le size of about 30 nm to 
about 200 nm. 

The hydrophilk: core polymer may also optionally 
contain less than about 20% by weight, based on the to- 
tal weight of the core polymer, preferably about 0.1% to 
atx)ut 3% by weight, of polyethylenically unsaturated 
monomer, wherein the amount used is generally approx- 
imately directly proportbnal to the amount of hydrophilk; 
monoethylenk:ally unsaturated monomer used. Alterna- 



tively, the hydrophilk: core polymer may contain from 
about 0.1% to about 60% by weight, based on the total 
weight of the core polymer, of butadiene. 

Suitable polyethylenk:ally unsaturated monomers 

s include comonomers containing at least two addition po- 
lymerizable vinylidene groups arKi are a,p-ethylenk:ally 
unsaturated rTK>nocarboxylk; ackJ esters of polyhydric al- 
cohols containing 2-6 ester groups. Such conrranomers 
include alkylene glycol diacrytates and dimethacrylates, 

10 such as for example, ethylene glycol diacrylate, ethylene 
glycol dimethacrytate, 1,3-butylene glycol diacrylate, 
1 ,4-butylene glycol diacrylate propylene glycol diacrylate 
and triethylene glycol dimethytecrylate; 1,3-gtycerol 
dimethacrylate; 1,1,1-trimethytol propane dimethacr- 

is ytate; 1,1,1 -trimethy tol ethane diacrylate; pentaerythritol 
trimethacrylate; 1,2,6-hexane triacrylate; sorbitol pen- 
tamethacrylate; methylene bis-acrylamide, methylene 
bis-methacrylamide, divinyl benzene, vinyl methacr- 
ylate, vinyl crotonate, vinyl acrylate, vinyl acetylene, triv- 

20 inyl benzene, triallyl cyanurate, divinyl acetylene, divinyl 
ethane, divinyl sulfide, divinyl ether, divinyl sulfone, dial- 
lyl cyanamkie, ethylene glycol divinyl ether, diallyl phtha- 
late, divinyl dimethyl silane, glycerol trivinyl ether, divinyl 
adipate; drcyclopentenyl (meth)acrylates; dkiyctopente- 

25 nyloxy (meth)acrylates; unsaturated esters of glycol mo- 
nodicyctopentenyl ethers; allyl esters of a,b-unsaturated 
mono-and dcarboxylk; acids having terminal ethylenk; 
unsaturatk>n including allyl methacrylate, allyl acrylate, 
diallyl rr^leate, diallyl fumarate, diallyl itaconate and the 

30 like. 

The hydrophobic shell polymer of the multistaged 
polymer of this inventk>n Is the product of emulsion po- 
lymerizing from about 90% by weight to about 99.9% by . 
weight, based on the total weight of the shell polymer, of 
35 at least one nonionic monoethylenically unsaturated 
rTKXiomer and from about 0.1% by weight to about 10% 
by weight, based on the weight of the shell polymer, of 
an ackJ-functbnal monoethylenk:ally unsaturated mon- 
omer. 

40 Suitable nonbnk: monoethylenically unsaturated 
rrwhomersfbr'making the hydrophobe shell polyme - 
elude styrene, a-methyl styrene, vinyltoluene, ethylene, 
vinyl acetate, vinyl chlorkJe, vinylkiene chbrkJe, acryb- 
nitrile, (meth)acrylamide, (C^ -C20) alkyi or (C3-C20) alke- 

45 nyl esters erf (meth)acrylk; acid, such as methyl (meth) 
acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 
2-ethylhexyl (meth)acrylate, benzyl (meth)acrylate, lau- 
ryl (meth)acrylate, oleyl (meth)acrylate, palmityl (meth) 
acrylate, stearyl (meth)acrylate and the like. Styrene is 

50 preferred. 

Suitable monoethylenk:ally unsaturated nnonomers 
containing ackl-functionality for making the hydrophobk; 
polymer shell include acrylk; acid, methacrylc acid, acry- 
loxypropbnc acid, (meth)acry loxypropionic ackJ, itacon- 

55 \c acid, aconitk; acid, maiek; acid, maleic anhydride, fu- 
rraric acid, crotonic acid, monomethyl maleate, rrx>no- 
methyl fumarate, noonomethyl itaconate and the like. 
Acrylk; acid and methacrylic acid are preferred. 
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The method for encapsulating hydrcphilic polymers 
indtides the steps of sequentially: 

(1) emulsion polymerizing a hydrophilic core poly- 
mer; and 

(2) emulsion polymerizing, in the presence of the 
hydrophilic core polymer, at least one hydrophobic 
shell polymer to completely encapsulate the core. 

The crux of the invention is the manner and timing of the 
addition of the acid-functional monoethylenically unsatu- 
rated monomer in the polymerization of the hydrophobic 
shell polymer. When the particle size of the core polymer 
is from about 1 30 nm to about 2.0 microns, the acid-func- 
tional monoethylenically unsaturated monomer used to 
make the shell may be added over 100% <^ the shell 
monomer feed, based on the total weight of the shell 
monomer feed, preferably over the first 50% of the feed, 
more preferably over the first 25% of the feed and most 
preferably over the first 1 0% of the feed. When the par- 
ticle size of the core polymer is less than about 1 30 nm, 
the acid-functional monoethylenically unsaturated mon- 
omer may be added over the first 50% of the feed, more 
preferably over the first 25% of the feed and most pref- 
erably over the first 10% of the feed. 

As used herein, the term 'sequentially emulsion po- 
lymerized" or "sequentially emulsion produced" refers to 
polymers (including honnopolymers and copolymers) 
which are prepared in aqueous medium by an emulsion 
polymerization process wherein the dispersed polymer 
particles of a preformed latex or "seed" polymer in the 
aqueous medium are increased in size by deposition 
thereon of polymerized product of one or more succes- 
sive monomer charges introduced into the medium con- 
taining dispersed particles of the preformed latex in one 
or more subsequent stages. 

In the sequential emulsion polymerization with 
which the present invention is concemed, the term 
"seed" polymer is used to refer to an aqueous emulsion 
polymer dispersion which may be the initially-formed dis- 
persion, that is, the product of a single stage of emulsion 
polymerization or it nnay be the emulsion polymer disper- 
sion obtained at the end of any subsequent stage except 
the final stage of the sequential polymerization. Thus, a 
hydrophilic core polymer which is herein intended to be 
fully encapsulated with a shell by one or more subse- 
quent stages of emulsion polymerization n^y itself be 
termed a seed polymer for the next stage wherein the 
shell-forming polymer is deposited on such seed poly- 
mer particles. 

The method of this invention contemplates that the 
hydrophobic shell polymer may be made in a single 
stage or step of the sequential polymerization or may be 
made by a plurality of steps in sequence following the 
polymerization of hydrophilic core polymer without the 
need for a tiecoat layer. The first stage of emulsion po- 
lymerization in the process of the present invention may 



be the preparation of a seed polymer containing small 
dispersed polymer particles insoluble in the aqueous 
emulsion polymerization medium. This seed polymer 
may or may not contain any hydrophilic nrionomer com- 

s ponent but provides particles of minute size which fomn 
the nuclei on which the hydrophilic core polymer, with or 
without nonionic connonomer, is formed. 

A water-soluble free radical initiator is utilized in the 
aqueous emulsion polymerization. Suitable water-solu- 

10 ble free radical initiators include hydrogen peroxide; 
tert-butyl peroxide; alkali metal such as sodium, potas- 
sium and lithium persulfate; ammonium persulfate; and 
mixture of such an initiator with a reducing agent, such 
as a sulfite, including an alkali metal metabisulfite, hy- 

is drosulfite, and hyposulfite; sodium fornr^ldehyde sulfox- 
ytate; and a reducing sugar, to form a redox system. The 
aoKJunt of initiator may be from 0.01 % by weight to about 
2% by weight of the monomer charged and in a redox 
system, a corresponding range of 0.01% by weight to 

20 about 2% by weight of reducing agent may be used. The 
temperature may be in the range of about 1 0**C to 1 00**C. 
In the case c4 the persulfate systems, the temperature is 
preferably in the range of 60*0 to 90° C. In the redox sys- 
tem, the temperature is preferably in the range of 30**C 

25 to 70* C, preferably below about 60° C, more preferably 
in the range of 30°Cto45**C. The proportkxi of emulsifier 
may be zero, in the situation wherein a persulfate initiator 
is used, to about 0.75% by weight, based on the weight 
of total weight of the core polymer. By carrying out the 

30 emulsk>n polymerizatbn white maintaining k>w levels of 
emulsifier, the subsequent stages of polymer-formatk>n 
deposit the most-recently formed polymer on the existing 
dispersed polymer particles resulting from the preceding 
step or stage. As a general rule, the anrK>unt of emulsifier 

35 shouM be kept bebw that corresponding to the critical 
micelle concentratbn for a particular morK>mer system, 
but while this limitation is preferable and produces a un- 
imodal product, it has been found that in some systems 
the critical micelle concentratk)n of the emulsifier may be 

40 exceeded somewhat without the fomr«tk)n of an objec- 
tionable or excessive number of dispersed micelles or 
particles. It is for the purpose of controlling the numt>er 
of micelles during the various stages of polymerization 
so that the depositbn of the subsequently formed poly- 

45 mer in each stage occurs upon the dispersed mk:elles 
or particles formed in the prevk5us stages, that the con- 
centration of emulsifier is kept low. 

Any nonbnic or anbnk: emulsifier may be used, ei- 
ther alone or together. Examples of suitable rKxibnic 

50 type of emulsifier include tert-octylphenoxyethylpoly(39) 
-ethoxyethanol, and nonylphenoxyethyl-poly(40)ethox- 
yethanol. Examples of suitable ankxiic emulsifiers in- 
clude sodium lauryl sulfate, sodium dodecylbenzenesul- 
fonate, and tert-octylphenoxyethoxypoly(39)ethoxyethyl 

55 sulfate, sodium salt. The viscosity- average molecular 
weight of the polymer formed in a given stage may range 
from 1 00,000, or lower if a chain transfer agent is used, 
to several million noolecular weight. When 0.1% by 
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weight to 20% by weight, based on the weight of the mon- 
omer, of a potyethylentcalty msaturated monomer men- 
tioned hereinbefore is used in making the acid potymer, 
the molecular weight is increased whether or not 
crosslinking occurs. The use of the potyethylenically un- 
saturated monomer reduces the tendency of the core 
potymer to dissolve when the multistaged polymer is 
treated with a swellant for the core. If it is desired to pro- 
duce a hydrophilic core polymer having a molecular 
weight in the lower part of the range, such as from 
500,000 down to as tow as about 20,000. it is frequently 
nnost practical to do so by avoiding the polyethylenically 
unsaturated monomers and using a chain transfer agent 
instead, such as 0.05% to 2% or more thereof, examples 
being alkyi mercaptans, such as sec-butyl mercaptan. 

The potymehzatton of the shell polymer may be per- 
formed in the same reactton vessel in which the forma- 
tton of the core was accomplished or the reactton medi- 
um containing the dispersed core partk:les may be trans- 
ferred to another reaction container. It is generally un- 
necessary to add emulsifier unless a polymodal product 
is desired, but in certain monomer/emulsifier systems for 
forming the shell, the tendency to produce gum or coag- 
ulum in the reactton medium may be reduced or prevent- 
ed by the addrtton of about 0.05% to about 2.0% by 
weight, based on total weight of the shell polymer, of 
emulsifier without detriment to the depositton of the pol- 
ymer formed on the previously formed core particles. 

The anrK)unt of polymer deposited to form shell pol- 
ymer is generally such as to provtoe an overall size of 
the multistage polymer partk:le of about 70 nm to about 
4.5 mtorons, preferably about 100 nm to about 3.5 mi- 
crons, more preferably about 200 nm to about 2.0 mi- 
crons, in unswollen condition (that is, fc»efore any neutral- 
izatton to raise the pH to about 6 or higher) whether the 
shell polymer is formed in a single stage or in a plurality 
of stages. In unswollen state, the ratio of core weight to 
the total weight on average is from 1 :4 to 1 :100. 

Ttie method of the present invention may be extend- 
ed to form voided polymer part toles by adding to the h^^^^ 
drophilk: core polymer fully encapsulated with a hydro- 
phobto shell polymer, a suitable swelling agent to whtoh 
the hydrophobto shell polymer is permeable. 

In a preferred embodiment, voided polymer parttoles 
may be formed by swelling the core polymer with a suit- 
able conjugate base and a solvent, when necessary, 
which permeates through the shell polymer and then dry- 
ing the swollen multistaged polymer partbles. The veto- 
ed pdymer particles produced by the method of this in- 
vention impart improved gtoss. brightness and opacity to 
paper coating formulations to which they are added. 

The nrK)nomers used and the relative proportions 
thereof in any hydrophobk; shell polymer formed shouW 
be such that it is permeable to an aqueous or gaseous 
volatile or fixed basto swellant for the hydrophilic core 
polymer. Monomerto mixtures for nraking the hydropho- 
bic shell polymer contain from about 0.1% by weight to 
about 10% by weight, based on the total weight of the 



shell polymer, of an acid-functtonal monoethytencally 
unsaturated monomer. However, the proportion of ac- 
to-f uncttonal monoethylentoally unsaturated monomer in 
the shell polymer shouW not exceed one-third the pro- 
5 portion thereof in the core polymer. The content of ac- 
to-f uncttonal monoethylentoally unsaturated monomer in 
the shell polymer may serve several f uncttons: 

(1 ) stabilizing of the final sequential polymer disper- 
10 sion; 

(2) assuring permeability of the hydrophobk: shell 
potymer to a swellant for the hydrophilic core poly- 
mer; and 

IS 

(3) compatibilizing the hydrophobic shell potymer 
with the hydrophilk: core polymer so that the core 
may be fully encapsulated with shell. 

20 The hydrophilto core polymer of the multistage pol- 
ymer parttole is swollen when the polymer particles are 
subjected to a bask: swelling agent that permeates the 
shell to at least partially neutralize (to a pH of at least 
about 6 to 10) the hydrophilic-functionality of the hy- 

2S drophilic core polymer and thereby to cause swelling by 
hydration of the hydrophilic core polymer. The expanston 
may involve partial merging of the outer periphery of the 
core into the pores of the inner periphery of the shell and 
also partial enlargment or bulging of the shell and the 

30 entire particle overall. When the swelling agent is re- 
moved by drying, the shrinkage of the core tends tends 
to devetop a void, the extent of which depends upon the 
resistance of the shell to restoration to its previous size. 
Suitable swelling agents for hydrophilic core poly- 
ps mer include volatile bases such as ammonia, ammonium 
hydroxide, and volatile tower aliphatk: amines, such as 
morpholine, trimethylamine, and triethylamine, and the 
like; fixed or permanent bases such as potassium hy- 
droxkie, lithium hydroxide, zinc ammonium complex. 

AQ_ copper amrTKXiiurn complex, silver ammonium complex, 

strontium hydroxide, bariurn hydfoxtoe and the like. Sol- - - 
vents, such as, for example, ethanol, hexanol, octanol, 
TexanoKg) solvent and those described in U.S. Patent 
4,594,363, may be added to ato in fixed or permanent 

45 base penetratton. 

The voided latex partbles produced by the method 
of the present inventton are useful in aqueous coating 
composittons, such as aqueous-based paint and paper 
coatings. The votoed polymer particles produced by the 

so method erf this invention impart improved gtoss, bright- 
ness and opacity to paper coating formulations to which 
they are added. Also, the votoed polymer particles pro- 
duced by the method of this inventton impart opacity to 
aqueous coating composittons. such as paints, to whtoh 

55 they are added. 

When the hydrophilic core polymer is fully encapsu- 
lated, it does not titrate with alkali metal bases under nor- 
mal analyttoal conditions of about 1 hour and at room 
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temperature. To demonstrate full encapsutetion in the il- 
lustrative examples, samples were removed during the 
course of the shell polymerization and titrated with sodi- 
um hydroxide. The amount of shell morK>mer feed varied 
to fully encapsulate the hydrophiltc core polymers. It is 
desirable to have lower amounts of shell monomer to 
achieve full encapsulation. 

The following examples illustrate specific aspects 
and particular embodiments of the invention which, how- 
ever, in no4 to be construed as limited thereby. 

EXAMPLE 0: Synthesis of Hydrophlllc Core 
Polymer (40% Hydrophilic Monoethylenicalty 
Unsaturated Monomer). 

(a) A 5-liter, four necked, round bottom flask is 
equipped with paddle stirrer, thermometer, nitrogen 
inlet and reflux condenser Debnized water, 1700 
grams, is added to the kettle and heated to BS^'C 
under a nitrogen atmosphere. A monomer emulsion 
consisting of 335 grams of deionized water, 3.5 
grams of sodium dodecylbenzenesulfonate (SDS. 
23%), 4.35 grams of methacrylic acid, and 364.5 
grams of methyl methacrylate is prepared. A portion 
of this monomer emulsion, 82 grams, is added to the 
heated kettle. After the removal of the 82 grants of 
nronomer emulsion, 7 grams of SDS and 241 grams 
of methacry Ik: acid are added to the remaining mon- 
omer emulsion. After stirring the monomer emulsion 
kettle charge for five minutes at 80" C under nitro- 
gen, a solution of 2.75 grams of sodium persulfate 
in 1 5 grams dt debnized water is added to the kettle. 
A 1 to 2'*C reactbn exothenm occurs, the reaction 
mixture is stirred for 10 minutes. The remaining 
monomer emulsion is then added to the kettle over 
a 2 hour perkxl at SO^C. After the completion of the 
monomer feed, the dispersbn is held at 80**C. for 20 
minutes, cooled to 25'*C and filtered to remove any 

coagulum formed. The filtered dispersion has a pH 

of 3^11 , 22.27% solids content and an average par-- 
tble size diameter of 330 nm. 

(b) The process in core synthesis (a) was repeated 
except the SDS level in the monomer emulsbn was 
increased to 12 grams from 3.5 grams and the 
amount of SDS added to the monomer emulsbn 
after removal of the monomer preform was raised to 
1 4 grams from 7 grams. The filtered dispersion has 
a pH of 3. 1 6, a 22.3% solkis content and an average 
particle size of 208 nm. 

(c) A 5-liter, four necked, round bottom flask is 
equipped with paddle stirrer, thermometer, nitrogen 
inlet and reflux condenser. Debnized water, 1700 
grams, is added to the kettle and heated to 85** C 
under a nitrogen atmosphere, A monomer emulsion 
consisting cf 335 grams of deionized water, 20.0 g 
of sodium dodecyl benzene sulfonate (SDS. 23%), 
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4.35 grams of methacry lb ackJ. and 364.5 grams of 
methyl methacrylate is prepared. A portion of this 
monomer emulsbn, 100 grams, is added to the 
heated kettle. After the removal of the 100 grams of 
rTK>nomer emulsbn, 22 grams of SDS and 241 
grams of methacry lb acid are added to the remain- 
ing rTK>nomer emulsbn. After stirring the mortomer 
emulsbn kettle charge for five minutes at BO^C 
under nitrogen, a solutbn of 2.75 grams of sodium 
persulfate in 15 grams of debnized water is added 
to the kettle. A 1 to 2**C reactbn exc^herm occurs, 
the reactbn mixture is stirred for 10 minutes. The 
remaining monomer emulsion is then added to the 
kettle over a 2-hour perbd at 80*C. After the com- 
pletbn of the monomer feed, the dispersion is hekJ 
at 80** C tor 20 minutes, cooled to 25''C and filtered 
to remove any coagulum formed. The filtered disper- 
sion has pH of 3.1 1 , 22.28% solids content and an 
average particle size of 132 nm. 

EXAMPLE 1 : Acid-functional Monoethylenically 
Unsaturated Monomer (Acrylic Acid) added over 
first 2.7% Shell Monomer Feed (Core Particle Size 
s 330 nm) 



A 5-liter round-bottomed flask is equipped with pad- 
dle stirrer, thermometer, nitrogen inlet and reflux con- 
denser. To 2070 grams of debnized water heated to 
90" C in the flask under a nitrogen atmosphere there is 

30 added 1 .6 grams of sodium persulfate dissolved in 25 
grams of debnized water This is immediately folbwed 
by 383.58 grams of the core prepared in Example 0-(a). 
A morKjmer emulsk»i consisting of 400 grams of debn- 
ized water, 4.5 grams of SDS and 1 080 grams of styrene 

35 is added to the kettle at the rate of 4 grams/minute. A 
separate feed of 12.5 grams of acrylb acb in 38.5 grams 
of debnized water is started at the same time as the 
moTKxner emulsion feed, at the rate of 5 grams/minute. 
Abng with these feeds a solutbn of 2.77 grants of sodi- 
urn persujfate in 130 grams of deionized water is co-fed 
to the kettle at the rate of 1 .3 grams/minute. TTie reaction - 
mixture is hekJ at 80'*C and after 10 minutes the acrylb 
acid cof eed is complete and the monomer emulsbn feed 
rate is increased to 8 grams/minutes. Twenty minutes lat- 

^ er the monomer emulsbn feed rate is increased again 
to 1 9.5 grams/minute and the reactbn temperature is al- 
bwed to increase to 90^*0. After 11 57 grams of the mon- 
omer emulsbn has been fed to the reactbn mixture, a 
solutbn of 42.0 grams of ammonium hydroxide (28%) in 

so 72 grams of deionized water is ^ed to the kettle. After 
all of the monomer emulsion and catalyst cofeed have 
been added, the reactbn mixture is heb at 90"C for 10 
minutes. This is followed by a cofeed of 2 grams of so- 
dium persulfate in 100 grams of debnized water over a 

55 15 minute perbd. The reactbn mixture is then cooled to 
room temperature and filtered to remove any coagulum 
formed. The final latex product had a 27.23% solids con- 
tent and pH of 9.7. Diluted latex was dried on a mbro- 
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scope slide and tmmersed in hydrocartx>n oil {r^^^ .51 ) 
and examined with an optical microscope at 1000X. A 
single air void can be observed inside of each particle as 
a dark circle. The swollen particle was incorporated Into 
a film to measure the Kubelka-Munk scattering coeffi- 
cient (S/mil) as described in U.S. Patent 4,427,836. S/mil 
of the resultant film was 0.45. Samples of either high acid 
core becomes completely soluble when neutralized with 
sufficient base. But, when totally covered by the polymer 
sheath, hard bases such as sodium hydroxide will not 
neutralize the core at room temperature. Sodium hydrox- 
ide titratk)n on samples removed during the course of 
this reaction demonstrated that complete core encapsu- 
lation occurred after the polymerizatkxi of 400 grams of 
monomer emulsk>n onto the core. 

EXAMPLE 2: Acid-functional IMonoethylenically 
Unsaturated Monomer (Acrylic Acid) added over 
100% Sheli Monomer Feed (Core Particle Size = 
330 nm) 

The reaction in example 1 was repeated, except that 
the acrylic acid was added to the monomer emulsion. 
The resulting latex had a 27.23% solids content, pH of 
9.7 and a S/mil of 0.28. Voids were observed in the dry 
polymer particles through examination via the mrcro- 
scope method described in Example 1. Titration of 
in-process samples demonstrated complete core encap- 
sulation after the polymerization of 1000 grams of mon- 
omer emulsion onto the core. 

EXAMPLE 3: Acid-functlonai Monoethylenicaiiy 
Unsaturated Monomer (Methacryiic Acid) added 
over first 2.7% Sheii Monomer Feed (Core Particle 
Size = 330 nm) 

The reactk>n in Example 1 was repeated, except that 
methacryiic acid (15 grams) was used in place of the 
_ acrylic acid. The resulting latex had a 27.04% solids con- 
tent, pH of 9.6 and a S/rriil of 0.3. Voids were obse wed 
in the dry polymer particles through examinatbn via the 
microscope method described in Example 1 . Titration of 
in-process samples demonstrated complete core encap- 
sulation after the polymerization of 400 grams of mono- 
mer emulsion onto the core. 

EXAMPLE 4: Acid-functional Monoethylenicaiiy 
Unsaturated Monomer (Methacryiic Acid) added 
over 100% Shell Monomer Feed (Core Particle Size 
= 330 nm) 

Example 3 was repeated except the methacryiic 
acid was added to the monomer emulsion. The reaction 
was thicker at the end of feeds and 300 grams of extra 
water was added. The resulting latex had a 25.59% sol- 
ids content, pH of 9.7 and a S/mil of 0.2. Voids were ob- 
served in the dry polymer particles through examination 
via the microscope method described in Example 1 . Ti- 



tratkxi of in-process samples demonstrated complete 
core encapsulation after the polymerization of 800 grams 
of morx>mer emulsion onto the core. 

5 EXAMPLE 5: Fixed Base Swellant 

Example 1 was repeated except 60 grams of dieth- 
anolamine was used in place of the amrrxxiia. The re- 
sulting latex had a 27.81% solids content, pH of 8.7 and 
10 a S/mil 0.2. Voids were obsen/ed in the dry polymer 
particles through examination via the microscope meth- 
od described in Example 1 . Titration of in-process sam- 
ples demonstrated complete core encapsulatk>n after 
the potymerizatk>n of 400 grams of monomer emulsk>n 
IS onto the core. 

EXAMPLE 6: Acid-functional Monoethylenicaiiy 
Unsaturated Monomer (Acrylic Acid) added over 
first 1.6% Shell Monomer Feed (Core Particle Size 
20 = 208 nm and Acid Feed Time = 10 minutes) 

A 5-liter round-bottomed flask is equipped with pad- 
dle stirrer, thermometer, nitrogen inlet and reflux con- 
denser. To 1192 grams of deionized water heated to 

25 81 in the flask under a nitrogen atmosphere there is 
added 3.6 grams of sodium persulfate dissolved in 60 
grams of dekxiized water. This is immediately folbwed 
by 142.6 grams of the core prepared in Example 0-(b). 
A monomer emulston consisting of 723 grams of debn- 

30 jzed water, 8.04 grams of SDS and 1 7 1 0.6 grams of sty- 
rene is added to the kettle at the rate of 4 grams/minutes. 
A separate feed of 17 grams of acrylk: ackJ in 33 grams 
of dekxiized water is started at the same time as the 
monomer emulskxi feed, at the rate of 5 grams/minutes. 

ss The reactbn mixture is held at 80^0 and after 10 minutes 
the acrylk; acid cofeed is complete and the monomer 
emulsbn feed rate is increased to 8 grams/minutes. Ten 
minutes later the monomer emulskwi feed rate is in- 
creased again to 12 grams/minutes for twenty minutes. 
-40 The rnonprner erriulsion feed rate is increased to 18 
grams/minutes and a solution of 2 grarris of sodium per- 
sulfate in 85 grams of deionized water is co-fed to the 
kettle at the rate of 0.7 grams/min. The reactbn temper- 
ature is allowed to increase to 90'*C. After all of the mon- 

45 omer emulsion has been fed to the reactbn mixture, a 
solutbn of 19.0 grams of ammonium hydroxide (28%) in 
20 grams of deionized water is added to the kettle and 
the reactbn mixture is heW at 90** C for twenty minutes. 
The react bn is cooled to 80° C and a mixture of 1 grams 

so of sodium persulfate in 30 grams of deionized water is 
added to the kettle. This is folbwed by a solution of 1 .5 
grams of 1% versene and 15 grams of 0.1% iron sulfate 
and a solutbn of 1 .5 grams isoascorbb acid in 30 grams 
of deionized water. The reaction mixture is held at 80'*C 

55 for 1 0 minutes and then cooled to room temperature and 
filtered to remove any coagutum formed. The final latex 
product had a 43% solbs content, a pH of 8.0, a S/mil. 
of 0.18 and a particle size of 0.82 mbron. Voids were 
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observed in the dry polymer particles through examina- 
tion via the microscope method described in Example 1 . 
Titration of in-process samples demonstrated complete 
core encapsulation after the polymerization of 800 grams 
of monomer emulsion onto the core. 

EXAMPLE 7: Acid-functional Monoethylenicaily 
Unsaturated IMonomer (Acrylic Acid) added over 
first 1.6% Sheii Feed (Core Particle Size = 208 nm 
and Acid Feed Time = 0 minutes) 

A 5-liter round-bottomed flask was equipped with 
paddle stirrer, therrTK>meter, nitrogen inlet and reflux con- 
denser. To 1192 grams of deionized water heated to 
81 °C in the flask under a nitrogen atmosphere there was 
added 3.6 grams of sodium persutfate dissolved in 60 
grams of detonized water. This was immediately fol towed 
by 142,6 grams of the core prepared in Example 0-(b). 
To the kettle was added 40 grams of a monomer emul- 
sion made up of 723 grams of dek>nized water, 8.04 
grams of SOS and 1710.6 grams of styrene. A separate 
charge of 1 7 grams of acrylic acid in 33 grams of deion- 
ized water was added to the kettle. The remaining mon- 
omer emulston was fed to the kettle at a rate of 4 
grams/minute. The reaction mixture was held at 80* C 
and after 10 minutes the monomer emulsion feed rate 
was the increased to 8 grams/minutes. Ten minutes later 
the monomer emulston feed rate was increased to 12 
grams/minutes for twenty minutes. The monomer emul- 
ston feed rate was increased to 18 grams/minutes and 
a solution of 2 granns of sodium persutfate in 85 grams 
of deionized is co-fed to the kettle at the rate of 0.7 
grams/minute. The reaction temperature was al towed to 
increase to 90' C. After all of the monomer emulsion had 
been fed to the reaction mixture, a solutton of 1 9.0 grams 
of ammonium hydroxide (28%) in 20 grams of detonized 
was added to the kettle and the reaction mixture was heki 
at 90"C for twenty minutes. The reactton was cooled to 
80'* C and a mixture of 1 gram of sodium persutfate in 30 
grams of deionized water was added to the kettle. This . 
was foltowed by a solution of 1.5 grams of 1% versene 
and 15 gvms of 0.1 7o iron sulfate and a solutton 1.5 
grams of isoascorbto acid in 30 grarrts of detonized water. 
The reaction mixture was heW at 80**C for 10 minutes 
and then cooled to room temperature and filtered to re- 
move any coagulum formed. The final latex product had 
a 43% solids content, a pH of 8.0 and a particle size of 
0.82 microns. Voids were observed in the dry polymer 
particles through examination via the microscope meth- 
od described in Example 1 . Titratton of in-process sam- 
ples demonstrated complete core encapsulation after 
the polymeriztion of 400 grams of monomer emulsion 
onto the core. 

EXAIMPLE 8: Acid-functionai lUlonoethylenicaily 
Unsaturated (Monomer (Acrylic Acid) added over 



100% Shell Monomer Feed (Core Particle Size = 
208 nm) 

The process in Example 6 was repeated except the 
s acrylic acid was added to the styrene monomer emul- 
ston. The final latex product had a 43% soltos content, a 
pH of 8.4, a S/mil of 0.165 and a parttcte size of 0.82 
micron. Voids were obsen/ed in the dry polymer parttoles 
through examination via the microscope method de- 
10 scribed in Example 1. Titration of In-process samples 
demonstrated complete core encapsulation after the po- 
lymerization of 2400 grams of monomer emulston onto 
the core. 

IS EXAMPLE 9: Acid-functional Monoethyienicaity 
Unsaturated Monomer (Acrylic Acid) added over 
first 1.6% Sheii Monomer Feed (Core Particle Size 
= 132 nm) 

^ The process in Example 6 was repeated except 1 42 
grams of core from example 0-c was utilized. The final 
latex product had a 43% solids content, a pH of 7.9, a 
S/mil of 0.11 and a particle size of 0.53 micron. Vbids 
were observed in the dry polymer particles through ex- 

25 amination via the microscope method described in Ex- 
ample 1 . Titration of inprocess samples demonstrated 
complete core encapsulatton after the polymerizatton of 
1000 grams of monomer emulston onto the core. 

30 EXAMPLE 10: Acid-functionai Monoethyienicaity 
Unsaturated Monomer (Acrylic Acid) added over 
100% Sheii Monomer Feed (Core Particle Size = 
132 nm) — Comparative Example 

35 The process in Example 8 was repeated except 1 42 
grams of core from Example 0-(c) was utilized. After 800 
grams of monomer emulston was added the reaction 
mixture started to thicken. The reaction was stopped due 
to massive levels of coagulum. The remaining 1600 
granris of rnonomer emulston could not be polymerized. 
This comparative example dembristrated a lack of en- 
capsulation. 



EXAMPLE 11: Synthesis of Pre-Core Polymer 



45 



A 3-liter, round-bottomed flask with 4 necks was fit- 
ted with reflux condenser, paddle stirrer, thermometer 
and nitrogen inlet 1500 grams of detonized water were 
added to the flask and stirred under a nitrogen atmos- 

50 phere at 85'*C. To the deionized water were added 3 
grams of sodium persutfate and 40 grams of an acrylic 
seed latex having a 46. 5% solids content and an average 
diameter of 95 nanometers. A rTK>nomer emulsion (140 
grams of water, 6 grams of 23% SDS, 360 grams of iso- 

55 butyl methacrylate and 40 grams of n-dodecyt mer- 
captan) was added over 2 hours along with 3 grams of 
sodium persutfate dissolved in 80 grams of water. The 
resultant latex was held at 85''C for 30 minutes, cooled 
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and tittered. The resultant potynner latex had an 18.7% 
solid content, arxj a average particle diameter of 260 nm. 

EXAMPLE 12: Encapsulation of Core containing 
Nonpolymeric Acid ^ 

A S-liter round-bottonr^ed flask is equipped with pad- 
dle stirrer, thermometer, nitrogen inlet and reflux con- 
denser. A mixture of 1134 grams detonized water and 
51.66 g of benzoic acid is heated to SVC in the flask io 
under a nitrogen atmosphere. To this-mixture is added 
1 29 grams of the pre-core polymer from example 1 1 . Af- 
ter stirring at 81 ''C for 1 5 minutes a solution of 1 .5 grams 
of sodium persulf ate in 75 grams of water is added to the 
kettle. A monomer emulsbn consisting of 71 3 grams of is 
deionized water, 6.03 grams of SDS, 2.18 grams of lin- 
seed oil fatty acid and 1 283 grams of styrene is added 
to the kettle at the rate of 3 grams/minute. A separate 
feed of 12.75 grams of acrylic acki in 24.75 grams of 
dek)ntzed water is started at the same time as the mon- 20 
omer emulskxi feed, at the rate of 3.8 grams/minute. A 
catalyst cofeed of 2.7 grams sodium persulfate in 112.5 
grams of water is started at a rate of 0.7 grams/minute. 
The reactbn mixture is held at 80^0 and after 1 0 minutes 
the acrylic acid cofeed is complete and the monomer ^5 
emulsion feed rate is increased to 6 grams/minute. Ten 
minutes later the nrx>nomer emulsion feed rate is in- 
creased again to 9 grams/minute for twenty minutes. The 
monomer emulsbn feed rate is increased to 13.5 
grams/minute until all the monomer emulsk>n is added 30 
to the kettle. After the additkjn of 1000 grams of mono- 
mer emulsk)n the reactkxi temperature is allowed to in- 
crease to 90°C. At the end of the polymerization, a so- 
lutkxi dt 37.5 grams of ammonium hydroxide (28%) in 
300 grams of dekjnized water is added to the kettle and 3S 
the reaction mixture is held at QO^C for twenty minutes. 
A mixture of 1 grams of sodium persulfate in 30 grams 
of deionized water is added to the kettle. This is fol towed 
by a solutton of 1 .5 grams of 1 % versene and 1 5 grams 
of 0.1 % iron sulfate and a solutkxi of 1 .5 grams isoascpr-,^ 40 
bic acki in 30 grams of detonized water. The react ton mix- 
ture is held at 90° C for 10 minutes and then cooled to 
room temperature and filtered to remove any coagulum 
formed. The reaction was found to be high in coagulum 
and residual styrene, but examinatton of the dried parti- 
cles according to the method in Example 1 indtoated the 
presence of air voids. 

EXAMPLE 13: Encapsulation of Cores containing 
no Hydrophilic Monoethylenlcally Unsaturated so 
Monomer Core/Formation of Voids via Hydrolysis 
of Core 

A 5-liter round-bcttomed flask is equipped with pad- 
dle stirrer, thermometer, nitrogen inlet and reflux con- ss 
denser. To 1192 grams of deionized water heated to 
81 °C in the flask under a nitrogen atmosphere there is 
added 3.6 granr^ of sodium persulfate dissolved in 60 



grams of detonized water. This is immediately foltowed 
by 103.89 grams of the core prepared according to the 
example in U.S. Patent 5,157.084 assigned to Dow 
ChemtoaL A monomer emulston consisting of 723 grams 
of dek>nized water, 8.04 grams of SDS, 2.18 grams of 
linseed oil fatty acto and 1 71 0,6 grams of styrene is add- 
ed to the kettle at the rate of 4 grams/minute. A separate 
feed of 1 7 grams of acrylic acid in 33 grams of deionized 
water is started at the same time as the monomer emul- 
ston feed, at the rate of 5 grams/minute. The reaction 
mixture is held at SO^C and after 10 minutes the acrylto 
acid cofeed is complete and the monomer emulston feed 
rate is increased to 8 grams/minute. Ten minutes later 
the monomer emulsion feed rate is increased again to 
12 grams/minute for twenty minutes. The monomer 
emulston feed rate is increased to 18 grams/minute and 
a solutton of 2 grams of sodium persulfate in 85 grams 
of deionized water is co-fed to the kettle at the rate of 0.7 
grams/minute. The react ton temperature is altowed to in- 
crease to 90° C. After all of the monomer emulston has 
been fed to the reactton mixture, a portion of the resulting 
latex is neutralized with ammonia to pH 11 and heated 
to 150°C in a stainless steel reactor. Examination of 
dried samples of this reactton mixture according to the 
method in Example 1 indtoated the presence of air voids. 



Claims 

1. A method for encapsulating hydrophilic polymers, 
comprising: 

(a) emulsion polymerizing a hydrophilic core 
polymer from 5% by weight to 100% by weight, 
based on the total weight of the core polymer., 
of a hydrophilic monoethylenically unsaturated 
monomer and from 0% by weight to 95% by 
weight, based on the total weight of the core pol- 
ymer, of at least one nonionic monoethylentoally 
unsaturated nrionomer; 

(b) emulsion polymerizing, in the presence of 
the core polymer, at least one shell polymer 
from 90% by weight to 99.9% by weight, based 
on the total weight of shell polymer, of at least 
one nontonic monoethylentoally unsaturated 
monomer and from 0.1% by weight to 10% by 
weight, based on the total weight of the shell pol- 
ymer, of an acid-funct tonal monoethylenically 
unsaturated monomer, and wherein: 

either the acid-functional monoethyleni- 
cally unsaturated monomer is added to the 
polymerization of the shell polymer over 100% 
of the total shell monomer feed when the parti- 
cle size of the core polymer is from 130 nm to 
2.0 microns; or 

the acid-functtonal monoethylenically 
unsaturated monomer is added to the polymer- 
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ization of the shell polymer over first 50% of the 
total shell monomer feed when the particle size 
of the core polymer is less than about 1 30 nm. 

2. The method of claim 1 , wherein the acid-functional s 
monoethylenically unsaturated monomer is added 

to the potymerization of the shell polymer over the 
first 50%, preferably 25%. even more preferably 
10%, of the total shell monomer feed, 

10 

3. The method of claims 1 or 2, wherein said acid-func- 
tional monoethylenically unsaturated morKxner is a 
nKxiomer selected from the group consisting of 
acrylic acid, methacrylic acid, acryloxypropionic 
acid, methacryloxypropionic acid, acrybxyacetic 
acid, methacryloxyacetic acid, crotonic acid, ita- 
conic acid, aconitic acid, maletc acid, maleic anhy- 
dride, f umaric acid, monomethyl maleate, monome- 
thyl itaconate, monomethyl fumarate and mixtures 
thereof. 20 



7. The multistaged polymer of claim 7. wherein said 
acid-functional nrKXioethylenicalty unsaturated mon- 
omer is a monomer selected from the group consist- 
ing of acrylic acid, methacrylic acid, acryloxypropi- 
onic acid, methacrybxypropionic acid, acrybxyace- 
tic acid, methacrybxyacetic acid, crotonic acid, ita- 
conic acid, aconitb acid, maleic acid, maleic anhy- 
dride, fumaric acid, monomethyl maleate, monome- 
thyl itaconate, monomethyl fumarate and mixtures 
thereof. 

8. The multistaged polymer of claims 7 or 8, wherein 
said nonionic monoethylenically unsaturated mono- 
mer is a monomer selected from the group consist- 
ing of styrene, a-methyl styrene, vinyttoluene, eth- 
ylene, vinyl acetate, vinyl chloride, vinylidene chlo- 
ride, acrybnitrile, (meth)acrylamide, (C^-C^o) 
ester of (meth)acrylic acid, (C3-C20) alkenyl ester of 
(meth)acrylic acid. 



4. The method of claims 1, 2 or 3. wherein said noni- 
onic nx>noethylenically unsaturated monomer is a 
monomer selected from the group consisting of sty- 
rene. a-methyl styrene, vinyttoluene, ethylene, vinyl ^5 
acetate, vinyl chbride. vinylidene chbride. acrybni- 
trile. (meth)acrylamide, (C^-Cao) ^'M ^ster of 
(meth)acrylic acid. (C3-C20) alkenyl ester cH (meth) 
acrylic acid. 

30 

5. The method of any one of the preceding claims, fur- 
ther comprising the step of swelling the core polymer 
with a swelling agent; the swelling agent preferably 
being a chemical selected from the group consisting 

of volatile bases and fixed bases. ^ 



6. A multistaged polymer, comprising: 



(a) a hydrophilic core polymer formed from 5% 
by weight to 1 00% by weight, based on the total 40 
weight of the core polymer, of a hydrophilic 
monoethylentcalty unsaturated monomer and 
from 0% by weight to 95% by weight, based on 
the total weight of the core polymer, of at least 
one nonionic rtKHToethylenically unsaturated 45 
monomer; and 



(b) a hydrophobic shell polymer formed from 
90% by weight to 99.9% by weight, based on 
the total weight of shell polymer, of at least one so 
nonionic rTK»noethytenically unsaturated mono- 
mer and from 0. 1 % by weight to 1 0% by weight, 
based on the total weight of the shell polymer, 
of an acid-f unctbnal nrK>noethylenically unsatu- 
rated monomer. 55 

wherein said shell polymer fully encapsulates said 
core polymer. 
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